In recent years a number of papers have appeared dealing with the male reproductive system and cycle of various small mammals. Allanson (1932) described the reproductive cycle of the ferret and in 1933 that of the grey squirrel; Miller (1939) reported on two species of bats; Rowlands (1936) described that of the bank vole. The only papers to appear on Insectivora are those of Allanson (1934) on the hedgehog, and of Brambell (1935) on the common shrew. The work of van der Horst & Gillman (1941) and van der Horst (1946) has established that in the female Elephantulus myurus jamesoni the breeding season is restricted and lasts approximately from the end of July to the middle of January; during the remaining six months of the year the reproductive organs are in a state of quiescent anoestrus. The first matings occur at the end of July or the beginning of August, and by the middle of August the breeding season is in full swing with nearly all the females in complete oestrus or early pregnancy. At the beginning of the breeding season sterile ovulations were never observed, but at the end of the season they do occur frequently, and many females, at this time, have repeated ovulations before fertilization may take place (van der Horst, 1954) .
In view of these facts it seemed probable that the male Elephantulus would also show seasonal reproductive activity, to thus account for the fact that many females at the end of the breeding season ovulate but are not always fertilized. The present investigation was undertaken in order to determine the occurrence of such a quiescent period in the male Elephantulus and to correlate the changes taking place in the testes with those taking place in the accessory sex organs. Since no histological studies of the testis and accessory sex glands of the Macroscelididae have been made, it was thought essential to undertake such a study in this investigation.
M aterial and technique
(1) Source of material The organs were obtained from the material stored in the collection of E. myurus jamesoni (Chubb) which has been collected by the Department of Zoology over a period of years. The majority of animals was collected at Bronkhorstspruit in the Transvaal, but a few came from Alberton and Klerksdorp.
(2) Histological technique
The material was fixed in Bounds fluid immediately after the animals were captured and killed, and was then transferred to 7 0 % ethyl alcohol, in which it was stored. Since the males were not originally collected for a specific research problem, they were fixed whole, but this method did not appear to give inferior histological results. Sections of the testis were cut at 7, 8, 10 and 12//, those of the accessory sex glands at 10// generally, although a few sections in some of the series were cut at 8, 12 and 14//. The circum-urethral glands were, in the majority of series, sectioned with the gland in situ around the urethra. A com plete seasonal histological series was obtained for the circum-urethral glands and for Cowper's glands, excepting for the months of September, March and May, when apparently no male animals were collected.
The sections of the testis were stained with Heidenhain s iron-haematoxylin, some of them being counterstained with eosin. One series was stained with Hansen s haematoxylin and eosin. The accessory sex glands, epididymis and vas deferens were stained with Hansen's haematoxylin and eosin, every third slide, however, being stained with Mallory triple stain.
(3) Measurement of organs Measurements were made of the diameters of seminiferous tubules, epididymis tube and vas deferens. In each animal the diameters of the organs were obtained with a micrometer eyepiece at a magnification of either 60 or 258. For each of these organs fifty tubules were measured, the least diameters being taken in order to avoid measuring oblique sections due to the coiling of the tube. Measurements of the epididymis were all taken in the posterior part of the caput and in the actual cauda, and all measurements given include the muscular layers of the tubules unless otherwise stated. Since the diameter of the vas deferens varies slightly throughout its length, the measurements were confined entirely to the middle region, where the diameter appeared to be constant for any individual. Since the vas deferens was measured in the same position in the different animals these measure ments can be used for comparative purposes.
The interstitial cells of the testis were measured with a micrometer eyepiece at a magnification of 582. Twenty-five cells were measured in each testis, and great care was taken to measure only those cells located well within the section.
General morphology of the reproductive organs
(1) Testis The testis of E.myurus jamesoni are abdominal throughout life, lying slightly caudally to the kidneys, thus retaining their embryological position (figure 1). The anterior parts of the testes are partly covered ventrally by the kidneys. In the fully mature male the testes THE MALE GENITAL SYSTEM OF ELEPHANTULUS 
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are ovoid in shape, with average measurements of 11-0 mm for length, and 4-0 mm for width. Individual variation occurs, with the length varying from 10-0 to 12-0 mm, and the width from 3-5 to 4-0 mm, these ranges being for animals killed in the same month and having approximately the same body weight.
(2) The genital ducts
On the medial surface, somewhat anterior to the middle of the testis, six to eight vasa efferentia arise, running dorso-medially towards the anterior part of the testis where they unite to form the epididymis. The caput epididymidis essentially consists of a greatly coiled canal, tightly packed into a form of a long, wide, flattened body attached to the lateral part of the dorsal surface of the testis and extending to its posterior surface where it passes over into the corpus epididymidis. The latter has a characteristic type of coiling in the form of a flat spiral, and is a very narrow, flattened body measuring about 24-0 mm in length from its point of junction with the corpus to that with the cauda epididymidis. It is this extremely elongated corpus epididymidis and not the vas deferens that forms the loop around the ureter where it passes down the abdominal cavity to join the cauda epidi dymidis. The latter is a large, greatly coiled body consisting of a wide tube folded on itself and lying with its blind end caudally, between the urethra and the rectum, in a gutter formed completely from the two posterior dorsal accessory sex glands. This gutter lies against the rectum, so that the caudae epididymides are sometimes forced to lie to the sides of the rectum. This is the position in which the caudae epididymides were generally found, but in a few animals it was observed that the left or right tube may be located to the side of the bladder, and in one individual the two tubes were found to lie criss-cross on the sides of the bladder. Since these animals had been fixed as whole animals, previously to dis section, it was difficult to determine whether these different positions occupied by the caudae epididymides were natural positions and not caused by rough handling of the m aterial; it appears to be easy to pull them out of their normal position, since they are not fixed by connective tissue to the posterior dorsal accessory glands or the rectum.
In sum m ary, the epididym is consists o f three sections, viz. the c ap u t epididym idis w hich adjoins the dorsal border of the testis, the corpus epididym idis w hich continues across the abdom inal cavity, and the cauda epididym idis w hich lies dorsally to the u re th ra in a perfectly form ed gutter. T he epididym idis thus extends from the an terio r tip of the testis to approxim ately the m iddle of the u reth ra.
M edially from the cauda epididym idis the short ductus deferens, approxim ately 8-0 m m in length, arises and passes anteriorly along the dorsal side o f the u re th ra , ru n n in g parallel to the distal p a rt of the corpus epididym idis an d enveloped in the same connective tissue. Both the corpus and cauda epididym idis lie in the g u tter described above. T h e vasa deferentia enter the u re th ra dorsally ab o u t 1-0 m m distal to the neck o f the b ladder. T h e la tter point, however, is not sharply delim ited, since the b la d d er narrow s g rad u ally into the urethra.
(3) The accessory glands
Posterior to the bladder and surrounding the urethra is located a series of at least five pairs of glands (figures 2, 3). The first pair, which may be called the ventral pair, lies against the posterior ventral surface of the bladder and covers the urethra ventro-laterally; these glands are large and in the form of flattened lobes. The second pair, which may be called the outer anterior dorsal pair, is located dorsally to the former pair, also lying against the bladder and laterally to the urethra; this pair is smaller than the first pair but also in THE MALE GENITAL SYSTEM OF ELEPHANT ULUS vg pdg cae the form of flattened lobes. The third pair, or inner anterior dorsal glands, is of similar type to the second pair and is located medially to the latter. Lying medially to the outer anterior dorsal glands, and partly covered laterally by them, is the fourth pair of glands, which may be designated as the middle dorsal glands; this pair is also flattened and lobular. The fifth pair, the posterior dorsal glands, is long and narrow and lies dorsally on either side against the u rethra, while the anterior ends cover the rem ain d er of the m iddle dorsal glands, so th a t the latter are com pletely covered laterally. T h e dorsal glands, since they lie dorsally to and on either side of the u reth ra, form a com plete g u tter inside w hich the caudae epididym idis lie. Prelim inarily these five pairs of circum -urethral glands m ay be called the prostate mass.
T here appears to be no gland consisting of a tube, coiled upon itself, an d giving off num erous outpocketings, w hich opens into the distal p a rt of the vas deferens an d w hich could thus represent a sem inal vesicle.
Between the vasa deferentia and lying w ithin the an terio r and m iddle dorsal mass o f glands is a single, bilobed, blind dilation of ab o u t 1 m m in len g th ; this is the uterus masculinus. In the m ajority of the specimens the double n a tu re of the uterus m asculinus can be recognized w ith ease; in these it appears as a single canal w ith two separate horns. H owever, in others the double n atu re o f the uterus m asculinus is obscured, the two horns or lobes being enclosed in a com m on sheath.
C ow per's glands are well developed, kidney-shaped an d som ew hat flattened dorsoventrally; each measures approxim ately 5 m m in length an d 3 m m in w idth. T h e two C ow per's glands lie outside the pelvis, behind the ischia on either side of the base o f the tail and em bedded in the fascia of the thigh. Long ducts, 8-5 m m in length, ru n from them to the u reth ral bulb w here they enter by a com m on opening into the lum en of the urethra.
T he p raeputial glands, w hich are very large in m any rodents, are a p p aren tly absent in the Elephantulus. Anim als w ere exam ined w ith great care for any trace of these glands; they were, however, always found to be w anting. Since no sections of the tip o f the penis were cut, it is possible th a t the glands, w hich m ay be extrem ely m inute an d diffuse and only discernible in sections, were overlooked. A ccording to B ram bell ( T he anterior p a rt of the penis is folded back on itself and lies extended against the abdom inal wall, covered w ith skin. C om pared w ith the size o f the anim al the penis is very long and in the present series varies in length from 50 to 64 m m , m easured from the insertion of the ischio-cavernosi muscles to the tip of the glans penis, w hich is situated n ear the um bilicus of the anim al.
H istology of the testis and the accessory sex glands (1)
Testis and genital ducts T he histology of these organs is essentially the same as th a t found in o th er m a m m a ls; some differences, however, do occur, an d these will be described in the following paragraphs.
In the m ajority of m am m als the tunica albuginea projects a t the an terio r dorsal surface into the interior of the testis, form ing an incom plete vertical septum , the m ediastinum testis. This is not found in Elephantulus, there are no septa, the com partm ents are w anting, and a m ediastinum testis, as seen in o ther m am m als, is no t present. T h e seminiferous tubules all appear to converge tow ards the m edio-dorsal surface of the testis w here they enter directly into the irregular anastomosing channels of the rete testis. The latter is produced and confined to a small area in the capsule, about midway down the mediodorsal border of the testis, and has the appearance of cleft-like spaces within the white fibrous tissue. The cavities of the rete testis are generally lined by squamous epithelium, but where they pass over into the vasa efferentia they are lined by cuboidal epithelium. At the upper end of the rete testis these channels terminate in from six to eight ducts, the vasa efferentia, which run outside the tunica albuginea to the anterior tip of the testis where they converge and pass over into the epididymis. In the majority of mammals the vasa efferentia arise from the rete testis in the anterior tip of the testis where they perforate the tunica albuginea and pass straight into the epididymis. The vasa efferentia in E. myurus jamesoni are lined by a single row of low columnar cells. These cells have spherical nuclei, clear cytoplasm, are ciliated, and rest upon a very thin connective tissue wall of about two bundles thick. The vasa efferentia are bound together by collagenous fibres.
The anterior part of the caput epididymidis is but slightly coiled; the epithelium lining the lumen is medium columnar with rounded cells, resembling the epithelium of the vasa efferentia. The remaining and main portion of the caput is greatly coiled, the epithelium gradually becomes pseudo-stratified, consisting of tall columnar cells at the base of which lie the flattened basal cells. The cells of the epithelium are about 38// in height, have elongated nuclei, finely granular cytoplasm and are ciliated. The cilia are long and often adhere together to form a brush border. The coils of the caput epididymidis are firmly united into a solid mass by means of the intervening collagenous fibres. In many trans verse sections of the tubules a secretory product was found to be present.
The caput abruptly passes into the much less coiled and narrow corpus. The epithelium of the latter is histological similar to that of the caput, being also pseudo-stratified. The cells of the epithelium, however, are lower than those found in the caput, being approxi mately 31// in height; the cilia are shorter. The epithelium lining the lumen of both the caput and corpus rests upon a very thin coat of collagenous fibres interspersed with odd muscle cells. The flat spiral coil of the corpus is bound together by a large amount of white fibrous connective tissue.
The cauda epididymidis is greatly increased in diameter as compared with the corpus and caput, and the large lumen is always packed to capacity with sperms (figure 5, plate 2). The epithelium here is also pseudo-stratified, consisting of cuboidal cells between the bases of which are wedged the flattened basal cells. The cilia are extremely short and do not adhere together to form a brush border, the nuclei are spherical filling about three-quarters of the cell, whereas those of the caput are elongated and fill only the basal third of the cell. The epithelium rests upon a relatively thick muscular wall consisting of smooth muscle fibres running in a circular manner. The coils of the cauda are held together by collagenous fibres, and where the cauda passes over into the vas deferens the coiling becomes reduced and the wall of the tubule much thicker.
Macroscopically, the diameter of the vas deferens does not appear to vary, but in sections it has been found to vary slightly throughout its whole length, being narrower towards the cauda epididymidis and wider towards the urethral end; however, there is no marked dilatation into an ampulla. The vas deferens was measured throughout its length with a micrometer eyepiece and was found to vary from 430// at its proximal end to 500 // a t its distal end, the m ain body of the vas deferens being approxim ately 480//. These m easurem ents were taken from an anim al killed in Ju ly . -Linde (1907) . These swellings have been described by the la tte r as g la n d u la r evaginations of the vas deferens, covered by the m uscular wall of the la tte r, an d thus it was thought th at, although the vas deferens did not enlarge into a visible swelling, the glandular mass m ay be found surrounding the lum en. O n histological exam ination this was not found to be the case. No g lan d u lar m aterial of any kind was found th ro u g h o u t the vas deferens. T he lum en of the vas deferens is slightly irregular, it is lined by tall ciliated cells w ith prom inent basal nuclei. T he vas deferens has a very thick m uscular coat of sm ooth muscle fibres. T here are no distinct divisions into circular and longitudinal muscle-fibre layers, the fibres being interw oven very intim ately w ith one another, an d w ith the num erous collagenous fibres, to form a single thick layer, w ith num erous nuclei. O n the p eriphery an adventitious coat of connective tissue and a few longitudinal fibres can be seen, and im m ediately external to the basem ent m em brane a very th in coat of collagenous fibres can be distinguished.
T he deferentia do not open directly into the lum en of the u re th ra , b u t ru n alongside the u re th ra tube w ithin the m uscular coat for some distance posterior to th eir en tran ce into the wall. O n the dorsal wall of the lum en of the u re th ra a narrow m edian long itu d in al evagination of the epithelium and surrounding connective tissue is form ed. In to this sm all elevation, in the prostatic p a rt of the u reth ra, the vasa deferentia open by small slit-like openings; the uterus m asculinus opens by a single slit-like orifice w hich lies betw een the openings of the vasa deferentia on the sum m it of the elevation.
(2) The accessory glands ( a) The prostate mass T he ventral and posterior dorsal pairs of glands of the prostate mass are sim ilar in structure, both being of the b ranch in g tu b u la r variety an d having very little in te rtu b u la r tissue. T h e ventral gland consists of four m ain lobes, the o uter lobes being m uch larger th an the inner ones w hich lie m edially to the form er and are com pletely covered by them . T he tubules of both the v entral and posterior glands are tightly packed together an d lie in a very small am ount of strom a w hich is found m erely scattered in the an g u lar spaces betw een the tubules. T he strom a of the gland is of loose connective tissue, consisting o f strands of collagenous fibres, connective tissue cells an d odd muscle fibres w hich can be seen scattered in the strom a. T he glands are enclosed in a th in investing capsule of a similar b u t denser structure.
T he glandular epithelium w hich lines the tubules of the v en tral and posterior dorsal glands is generally of a simple colum nar type (figures 6 an d 10, plate 2). T h e cells are of the tall colum nar variety, although in different parts of the gland the epithelium m ay show a great deal of variation depending on the state of activity of the tu b u le s; w here the lu m in a are greatly extended w ith secretion the epithelium appears to be m edium or low colum nar, lh e cells possess spherical nuclei w hich fill the basal th ird o f the cell; the cytoplasm is finely granular. The nuclei of these glands do not stain darkly and contain a number of karyosomes. The epithelium rests upon a thin wall of connective tissue fibres. In sections, the secretion of the ventral gland forms coagulated, net-like, deeply staining masses in the lumen (figure 6). The secretion stains a deep blue colour with Mallory stain, but only a faint pink with haematoxylin and eosin. The vesicles of the posterior dorsal glands are of various sizes and contain a viscous, homogeneous, colloidal substance which stains a pale blue colour with Mallory stain. The granules of secretion which are found mostly in the distal part of the cells has a slightly different staining reaction to that of the ventral gland with Mallory stain.
The ventral glands give rise to a pair of excretory ducts which pass laterally to the urethra where they enter the prostatic portion of the latter a short distance after the vasa deferentia have entered the lumen. The posterior glands give rise, at varying intervals along their whole length, to single pairs of excretory ducts, one from each gland, which open independently into the floor of the membranous part of the urethra, thus giving rise to from twelve to eighteen excretory ducts. These ducts enter the lumen of the urethra opposite where they enter the wall. Histologically there appears to be very little difference in structure between the tubules and the excretory ducts of the posterior glands. Those of the ventral glands, however, are generally lined by a single row of low columnar or squamous epithelium.
The outer and inner dorsal pairs of glands can be grouped together, since, although they differ in the type of secretion produced, they are identical histologically. These glands differ very greatly from the ventral and the posterior dorsal glands in structure and to a lesser extent from the middle dorsal glands. Both the anterior and middle dorsal glands are, in contrast to the ventral and posterior dorsal glands, of the compound alveolotubular variety, the middle dorsal glands, however, appearing much more alveolar. The lobes of these glands are divided into a small number of lobules which are separated from one another by thin strands of connective tissue fibres. These glands are closely invested by a capsule of fibro-muscular tissues, which sends incomplete septa into their substance, dividing the lobules still further into masses of irregular shape and size.
The internal structure of the anterior dorsal glands is of an irregular nature, large cavities, sometimes assuming the character of cyst-like enlargements, alternating with narrow branching tubules (figure 8, plate 2). The secretory portion of the gland is lined mainly by simple columnar epithelium. The cells of the epithelium are medium columnar, very narrow, with elongated nuclei filling about two-thirds of the cells. The cytoplasm contains numerous fine secretory granules, and both the cytoplasm and the nuclei take up a much darker colour than those of the ventral gland when stained with the same stain. Whereas the secretory portions of the glands are lined by medium columnar epithelium, the tubular portions are lined by low columnar or squamous epithelium. The middle dorsal glands differ from the anterior dorsal glands in that the cells of the epithelium are wide, with spherical nuclei, whilst those of the latter are narrower with elongated nuclei which stain darker. The epithelium of both the anterior and middle dorsal glands rest upon a thickish coat of connective tissue fibres.
The secreting alveoli of the glands of the anterior and middle dorsal pairs of glands are embedded in a very dense stroma; the abundant interstitial tissue consists of dense THE MALE GENITAL SYSTEM OF ELEPHANTULUS Vol. 238. B. 14 connective tissue, strands of collagenous fibres, and m any sm ooth muscle fibres arran g ed in strands of varying thickness and intim ately blended w ith the collagenous fibres. T h e muscle cells form either groups or bundles of variable size, or are frequently isolated w ithin the meshes of the connective tissue. O n the free surface of the cells of the epithelium of the an terio r gland, drops or bleb-like form ations ap p ear w hich are cast off into the lum en. In sections the secretion appears as globules which vary considerably in size; some of these globules are m inute, others are very large, m easuring up to 12// in diam eter. In the outer an terio r dorsal glands, the globules, the m aterial of w hich appears fractured, stains a b rig h t blue colour w ith M allory stain. T he globules in the p air of in n er an terio r dorsal glands are all hom ogeneous in structure b u t differ as regards th eir staining capacity, some staining a blue colour, others a b right red w ith M allory stain. W ith haem atoxylin an d eosin the secretion of both glands stains a pale pink colour, b u t here too the fractured n a tu re of the globules of the outer glands can distinctly be seen to differ from the hom ogeneous type of the inner glands. In the m iddle dorsal glands the lum ina o f the alveoli are filled w ith a hom ogeneous colloidal substance w hich stains readily w ith eosin, taking a very b rig h t pink co lo u r; w ith M allory stain, how ever, it stains a pinkish m auve colour. As a rule the lum en of the alveoli is not com pletely filled w ith the colloidal mass, w hich is ad h eren t to the surface of the lining epithelium by delicate thread-like processes (figure 12, p late 2). This appearance is possibly a fixation artefact an d is found in all the p rostate glands described here.
From the inner dorsal glands a p air o f large ducts passes dorso-laterally into the u re th ra wall. T hree small ducts arise from each outer an terio r dorsal gland to enter the u re th ra l wall in the same position as the ducts from the in n er glands. W ith in the wall these six ducts unite to give rise to a single p air of ducts lying on either side of the u re th ra . T h e ducts from both pairs of glands ru n in the u re th ra l wall an d open into the lum en laterally and posteriorly to the vasa deferentia, the ducts from the in n er glands opening slightly anteriorly to those from the outer glands. T h e excretory ducts are generally lined by low colum nar epithelium , b u t w ithin the wall of the u re th ra they are stra tifie d ; they possess a relatively thick fibro-m uscular coat. From the m iddle dorsal p air of glands six to eight excretory ducts, three to four from each gland, w hich enter the floor of the u re th ra after the ducts of the an terio r dorsal and ventral gland have opened into the lum en, arise. These ducts are generally lined by m edium colum nar epithelium .
D uring the study of the five pairs of accessory glands it becam e evident th a t, alth o u g h the lining epithelium is of a simple colum nar type, small areas occur w here this is based on a few small cells, giving the ap pearan ce of a pseudo-stratified epithelium .
(b) Uterus masculinus
Lying betw een the anterior dorsal and m iddle dorsal glands an d opening on the sum m it of the u reth ral evagination betw een the vasa deferentia, is the uterus m asculinus. It is not m erely a vestigial organ w ithout any function, b u t is an accessory gland o f the m ale sex organs. T he vesicles are lined by a m ucous m em brane w ith m any folds an d w ith num erous g landular invaginations (figure 14, plate 2). T h e la tte r lie very close to one another and are only separated by th in strands of connective tissue. T h e epithelium of the glandular invaginations consists of tall columnar cells with spherical nuclei lying in the basal parts of the cells. The lumen of the vesicles is wide and very irregular and filled with a thick homogeneous secretion which stains a deep pink colour with eosin.
Surrounding the vesicles is a thick smooth muscle coat consisting of longitudinal and circular fibres intimately interwoven and not arranged into distinct layers. On the periphery numerous blood vessels lie within a layer of connective tissue. In sections it has been observed that the two horns of the uterus masculinus, although retaining their own muscular wall, may be enclosed in a common connective tissue sheath, thus macroscopically appearing as a single blind vesicle. In the majority of cases, the horns are not enclosed in a common sheath but are completely separate. Where the horns fuse to form the single tube the epithelium is still simple but later when the tube becomes the excretory duct it becomes stratified and very narrow.
(c) Cowper's glands
The only glands remaining to be described are the large Cowper's glands. These glands appear to be very alveolar and consist of irregular cavities which anastomose freely with one another at their terminal portion (figure 15, plate 2), Surrounding the gland is a thick muscular capsule consisting of striated muscle fibres which run longitudinally in parts and in a circular fashion in others. From the capsule strands of muscle fibres penetrate the interior, dividing the gland into a number of lobules of varying size. Within the lobules the enlarged alveoli are separated from one another by connective tissue bundles of varying thickness. The interstitial tissue consists of loose connective tissue, collagenous fibres and odd smooth and striated muscle fibres and appears to form a fair portion of the material of the gland. The stroma is richly supplied with blood vessels.
In the secretory acini the structure of the epithelium is subject to great variation. Some of the smaller alveoli are lined by tall columnar epithelium, with spherical nuclei occupying the basal third of the cells, and with granular cytoplasm. The enlarged alveoli are, how ever, lined by cuboidal or squamous epithelium. The secretion generally is invisible micro scopically, but sometimes a highly dispersed material, which stains a faint pink colour with eosin, is found within the lumen.
Within the gland the interlobular and the smaller intralobular ducts are lined by a single layer of low columnar cells. From each gland a single long duct arises. These excretory ducts have a very irregular lumen which is lined by tall columnar cells with elongated nuclei, alternating with low columnar cells containing spherical nuclei. A thin coat surrounds the ducts.
Seasonal variation in the reproductive organs (1) Testis {a) Gross size
The testes were measured for the various months of the year, and it was found that there was no appreciable difference between the size of the testes of animals killed during the breeding season and those of animals killed during the non-breeding season. For the breeding season the testes varied in length from 10-0 to 12-0 mm and 3*5 to 4*0 mm in width, whilst the testes of animals killed in April varied in length from 9*5 to 10*5 mm and THE MALE GENITAL SYSTEM OF ELEPHANTULUS in width from 3-1 to 3-7 mm. The latter animals, although spermatogenically active, were smaller in size, which may account for the small difference in size found between the testes of animals killed during the breeding season, and those killed during the non-breeding period. From the data of the histological study it was felt that the testes of individual animals would not show any great seasonal variation in weight; the size for the various seasons apparently falls within the limits of individual variation, and thus the testes were not weighed. In other animals which have an anoestrous period very large seasonal differences in size are found. In Sorexvulgaris the breeding season testis is 5-0 mm wide, whilst the anoestrous testis is only 2-0 mm long and 1*5 mm wide (ArnbackChristie-Linde 1907). In the ferret, the active testis reaches over ten times its anoestrous weight (Allanson 1932) ; in the common shrew the increase may be over three times (Brambell 1935) , and in the hedgehog, which does not show such a marked seasonal variation, the increase is only about twice its anoestrous weight (Allanson 1934) .
(b) Diameter of the seminiferous tubules
In animals with a typical anoestrous period the size of the seminiferous tubules varies with the degree of activity of the germinal epithelium. In Elephantulus myurus jamesoni the germinal epithelium of the seminiferous tubules is active throughout the year, and a lumen of more or less constant size is always present. The diameters of the seminiferous tubules were, however, measured to see whether there was any seasonal variation in spite of the fact that the testes were spermatogenically active throughout the year. The diameter of the seminiferous tubules for August was found to have a mean of 196 ±1*6//, while for April a mean diameter of 186zbl*4// was found, which varies significantly from that for August with t= 4T for 38 degrees of freedom. Too few individuals, however, were examined to be able properly to evaluate these deviations and to separate them from individual variations. For example, on comparing two individuals, one killed in August and the other in April, the average diameter of the tubules of the former was found to be 194 A 2 T / / and for the latter 1 9 0 ± 2 T //, which gives a t -b 4 for 38 degrees of freedom significant difference. On the other hand, an individual killed in January was found to have a mean tubule diameter of 182 ± 2 -1 //, which when compared with the abovementioned diameter for August shows a £ = 4 -0 4 for 38 degrees of freedom, which is signifi cant. It seems certain, therefore, that the seminiferous tubules do not show marked seasonal variation in diameter and that the differences found are probably due to indivi dual variation. The extreme limit of variation, in E. myurus jamesoni, would be an increase of only 0*07 time during the breeding season. In the ferret, where there is a marked seasonal variation, the diameter of the tubules varies from 70 to 80// during the non-breeding season to 150 to 190// during the breeding period, so that during the latter period they may be about twice their anoestrous size (Allanson 1934) .
(c) Spermatogenesis
The occurrence of the various stages of spermatogenesis was studied for the different seasons of the year and the following facts emerged.
During the breeding season spermatogonial divisions are fairly common. All stages of mitosis are found, but the stage most commonly seen is that of interphase after the last division which appears to be a stage of long duration. The anaphase and metaphase stages of mitosis are found near the basement membrane. All the seminiferous tubules contain a large number of meiotic divisions in all stages of division, the most common stage being the pachytene stage of prophase. This stage appears to last for a considerable time. Occurring in patches in several sections of the seminiferous tubules are the metaphase and anaphase stages of the first meiotic division. The second meiotic division is of very short duration, and only a few spermatocytes have been observed in metaphase and anaphase. In nearly all sections of the seminiferous tubules large numbers of spermatids are found. From July to January over 75 % of the sections of the seminiferous tubules contain sperms in various stages of spermiogenesis; many sections having spermatozoa with their tails projecting into the lumen (figure 4). At the end of the breeding season, i.e. towards the end of January, the production of spermatozoa slows down and about 60 % of the sections of the seminiferous tubules con tain sperms. Spermatozoa with tails projecting into the lumen occur in about 30 % of the sections. During this period mitotic divisions are fairly common, more being seen during February than at any other time of the year, but meiotic divisions are relatively scarce, and those that do occur are mostly in the pachytene stage. However, at no time during the year do we find the production of spermatozoa ceasing. During February and April large numbers of spermatids are found in the sections, but the process of spermiogenesis is slowed down. By the middle of June spermatozoa are being formed at a similar rate to that found during the breeding season.
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(d) Interstitial cells
In E. myurus j a m e s o n i the interstitial tissue of the testis appears to undergo cyclic varia tion. Throughout the year the interstitial cells occur in small masses located in the angular spaces formed between the seminiferous tubules. Owing to the difficulty of estimating the am ount of interstitial tissue and the fact th a t microscopically there appears to be no difference in the num ber of cells seen during the breeding season and th a t seen d u rin g the non-breeding period, no attem p t was m ade to determ ine w hether their volum e varies for killed in A ugust, N ovem ber and A pril w ere respectively 13-7 A 0T 39, 12-7 T 0T 36 and 9*4 ± 0*124//. For 48 degrees of freedom the t for the difference betw een A ugust and N ovem ber is 5T , for A ugust and A pril it is 23T , and for N ovem ber and A pril it is 17-9. T hus the difference in interstitial cell size of anim als killed d u ring the early p a rt of the breeding season and those killed in A pril is highly significant. From A ugust to O ctober the interstitial cells are a t th eir m axim um size. Both the nucleus and cytoplasm of the cells are large, an d in sections ap p ear to be spherical in shape. T he nuclei of these cells are centrally located an d exhibit a definite v ariatio n in staining capacity. Some of the cells are alm ost achrom atic, only the varying n u m b er of karyosom es staining clearly; other cells, however, take a very intense stain, an d here the karyosom e cannot easily be distinguished from the surrounding karyoplasm . D uring the rem ain d er of the breeding season the cells of the interstitial tissue decrease steadily in size. T h e nuclei of these cells, however, exhibit a sim ilar variatio n in staining capacity. A t the end o f the breeding season the interstitial cells reach th eir m inim um size and rem ain small th ro u g h o u t A pril (graph 1). T he cytoplasm of these cells is very small in am o u n t, an d the exact shape of the cells is not easily discernible. T he nuclei do not a p p ea r to v ary greatly in size, and the decrease in cell size in A pril is due m ainly to decrease in the am o u n t o f cytoplasm . From about m id-June there is a steady increase in cell size un til Ju ly , w hen the increase becomes much more rapid to reach the maximum size in August (graph 1). The nuclei of the cells in February, April and in some animals in June, are oval or spherical in shape and assume a more uniform staining capacity. There appears to be a close correlation between the staining capacity of the nuclei and the size of the cells. During the breeding season when the cytoplasm increases to its maximum size, due partly to the accumulation of the products of secretion, the nuclei exhibit definite variations in staining capacity as described above. When the cytoplasm reaches its maximum size, however, the nuclei all stain uniformly. Miller (1939) remarked on the variation in staining capacity in the nuclei of the interstitial cells of bats killed during the summer. No other authors have remarked on differences in staining capacity of the nuclei of the interstitial cells. Pigment occurs in the interstitial cells of the testis of the ferret (Allanson 1932) 5 the grey squirrel (Allanson 1933) and of a number of other animals. It is not found in the interstitial cells of the hedgehog (Allanson 1934) . In Elephantulus only a few of the testes examined contained pigment in the interstitial cells, and those testes which possessed pigment showed great individual variation. In some, many interstitial cells contain pigment, in others a few interstitial cells only were found to contain pigment. The pigment is in the form of irregular masses of coarse granules which appear yellow and refractive in sections. Pigment was found in the interstitial cells of the testes of animals during the breeding and non-breeding seasons, and thus appears to show no cyclic variations. These observations support the view expressed by other workers, viz. that the pigment is a degeneration product of the interstitial cells (review in Rasmussen 1917).
The fat content of the interstitial cells was not studied as no fresh material was available for fixation in Flemming's solution, and thus it was impossible to verify that the vacuoles seen in the eosin-stained material contained fat.
(2) The genital ducts (1a) Caput epididymidis Specimens of the epididymis of Elephantulus collected throughout the year were examined macroscopically and histologically for any seasonal variation. Macroscopically no dif ference could be found between the epididymides of animals killed during the height of the season and those killed in April.
Graph 2 gives the diameter of the tube of the caput epididymidis throughout the year. From the data given it can be seen that there is no seasonal variation in the diameter of the tube and such variation as is found is apparently individual variation. The mean diameter of the tube of the caput epididymidis of animals killed during the breeding season is 116// against 111// for animals killed during the non-breeding season. Comparing the differences found for the two seasons with that found between two individuals killed in the same month, it is seen that the variation between the two individuals is either larger or approximately the same as that found for the breeding and non-breeding seasons.
Throughout the year the lumen of the caput epididymidis is wide, the connective tissue coat narrow, and the amount of interspersed connective tissue constant. During all the THE MALE GENITAL SYSTEM OF ELEPHANTULUS m onths of the year sperm atozoa in large quantities are found lying in the lum en of the m ain body of the cap u t epididym idis. T he height of the epithelium of the tube appears to rem ain constant throughout the year, and secretion in varying am ounts is found in the lum en during any m onth of the year. F u rth er, there is no regression of the cilia of the epithelial cells. All these d ata seem to indicate th a t the epithelial cells of the c ap u t epididym idis are in a state of active secretion th ro u g h o u t the year. 
(b) Cauda epididymidis
In m easuring the diam eter of the tube of the cau d a epididym idis the muscle coat was not included. T he diam eter of the tube varies from 156 to 1 7 0 // from J u ly to F eb ru ary , and from A pril to the end of J u n e it varies from 143 //to 1 4 9 // (graph 3 ). From the d a ta given it seems th a t there is no m arked seasonal v ariatio n in the d iam eter o f the tu b e of the cauda epididym idis, though on com paring an A ugust anim al w ith a m ean d iam eter o f 162 A 2 -5//, w ith an A pril anim al w ith a m ean diam eter o f 145 ± 3 T / / , a significant difference w ith / = 4-5 for 18 degrees of freedom is found. T h e epithelium lining the tu b e increases in height at the onset of the breeding season and measures 17 to 20// from J u ly to F ebruary, while from A pril to J u n e it decreases to 11 to 12//. T h e cilia, w hich are very short in the breeding season, are present in the non-breeding season b u t are difficult to distinguish, as they lie against the surface of the cells. This p a rt o f the epididym idis thus appears to undergo a secretory cycle typical of th a t w hich has been found to occur in the whole epididym idis of the ferret (Allanson 1932) . H ow ever, the c ap u t epididym idis has been found to contain enormous quantities of spermatozoa in the lumen throughout the year, and furthermore no decrease is found in the amount of spermatozoa occurring in the lumen of the cauda epididymidis during April or June.
(c) Vas deferens
In E lephantulus, the diam eter of the vas deferens, including th e m uscular coat, is 400 to 440/* in A pril and Ju n e , w hile in the breeding season it increases to 462 to 490/*. T h u s the diam eter o f the vas deferens does not show such a m arked seasonal increase as has been observed in some anim als. In the ferret it increases from 240 to 280/* d u rin g the w in ter m onths to 420 to 480/* in the breeding season (Allanson 1932) . By contrast, the epithelium lining the tube shows a great variation in height d u rin g the various seasons, increasing from 19 to 22/* in A pril and J u n e to 38 to 40/* in the breeding season. T h e cilia o f th e epithelial cells are about 8/* in length d u rin g the breeding season b u t decrease to ab o u t h a lf th eir length in A pril and Ju n e . T h e lum en o f the vas deferens, how ever, was filled to capacity w ith sperms th ro ughout the year. T h e vas deferens is know n to be a region o f in tense secretory activity and u n d er the direct control o f the horm one o f th e testis. In E. myurus jamesoni the interstitial cells o f the testis a p p ea r to be responsible for th e horm one effecting the grow th of the epithelial cells o f the vas deferens. A p p aren tly the secretory activity of the cells is not com pletely stopped, since secretion has been observed w ithin th e lum en o f the vas deferens in A pril.
(3) The accessory glands The accessory glands of Elephantulus collected in April and June are small, and only with difficulty can the various lobes be identified* By the middle of July and during the breeding season the glands reach a relatively large size, attaining their maximum size early in August. Through the early and midsummer months the glands remain large, and it is only at the end of January, which corresponds to the end of the breeding season, that the glands appear to decrease in size. However, it was noted that animals killed during January and February showed great individual variation in the size of their accessory glands. In the majority of males killed during this period there is a small but discernible reduction in the size of the accessory glands. In a few animals, however, a larger reduction is found, and in some males there appears to be no decrease in size at all.
A general description of the glands as seen during the breeding season has been given in detail in the section dealing with the histology of the glands. Here it will suffice to give a short summary of the appearance of the glands during full activity.
(a) Ventral glands
In July the diameter of the tubules is large and the lumina greatly distended with secretion. The tubules are separate^ from each other by an extremely small amount of connective tissue (figure 6, plate 2). The cells of the epithelium lining the lumina are tall columnar, with spherical nuclei near the bases, and contain varying amounts of secretory granules. Throughout the months of August to December the tubules are expanded, the lumina large and filled with large amounts of secretion.
Running parallel with the decrease in size of the glands are the histological changes. In January and February a sudden decrease in the size of the tubules, which are separated by larger amounts of connective tissue, is found. The epithelial cells are medium or low THE MALE GENITAL SYSTEM OF ELEPHANTULUS V o l . 238. B.
!5 116 ZELDA G. STOCH ON colum nar and ap p ear to contain small num bers of secretory granules in th eir cytoplasm . A lthough a definite decrease in secretory activity is to be found in anim als killed d u rin g the m onths of J a n u a ry and February, the ventral glands are not in com plete quiescence a t this tim e. F urtherm ore, the anim als exam ined showed large in dividual variatio n , n o t only in the size o f these glands b u t also in th eir secretory activity. In some anim als th e epithelium is b u t slightly decreased, in others the decrease is enorm ous an d secretory granules are alm ost totally absent in the cytoplasm of the cells. T h e am o u n t of secretion found in the lum ina also varies, from large am ounts to h ard ly any secretion a t all.
All anim als killed in A pril possess glands w hich are in a state o f com plete quiescence. T he tubules are greatly decreased in size and are separated by large am ounts of in te r tu b u la r tissue (figure 7, plate 2). T h e increase in the strom a is m ainly due to the large increase of the cellular elements of the connective tissue an d p artly to the increase in collagenous fibres. T here is no ap p aren t increase in the thickness o f the walls of the tubules w hich are lined by cuboidal epithelium . T h e cells o f the epithelium contain sm all spherical nuclei w hich fill nearly the whole cell, the nucleus being spherical an d the cell cuboidal. A trem endous shrinkage is found in the size o f the lum ina w hich are generally devoid o f secretion, although here and there a cross-section o f a tu b u le can be seen to contain a very small am ount of secretion. This inactive state o f the v en tral glands persists to ap p ro x im ately the end of Ju n e , w hen an increase in the size of the glands is noted. This increase in size is accom panied by an increase in the epithelial height and an accum ulation o f secretion in the lum ina of the glands.
(b) Anterior dorsal glands
During the breeding season the lumina of the alveoli are large and filled with enormous quantities of secretion. The alveoli are separated by broad bands of stroma which appear to form a background in which the alveoli are embedded. The epithelial cells lining the alveoli are medium columnar with elongated nuclei (figure 8, plate 2). In January the ventral gland shows signs of reduced secretory activity and the lumina are practically devoid of secretion. The dorsal glands, although showing signs of reduced secretory activity, have large amounts of secretion in their lumina which are slightly decreased in size. The alveoli are lined with a layer of low columnar epithelium whose cells contain spherical or ovoid nuclei which fill nearly the whole cell. Small numbers of degenerating cells are seen in the lumina of the alveoli which are separated from each other by increased amounts of stroma. The excretory ducts of the glands are filled with secretion.
In February there is a further reduction in the size of the glands. The lumina of the alveoli are distinct but greatly decreased. The cells of the epithelium lining the alveoli are universally cuboidal, with spherical or ovoid nuclei filling the whole cell. The small amount of cytoplasm that can be seen in the cells is clear and devoid of secretory granules. The reduction in the alveoli results in a relative increase of the connective and muscular tissue of the stroma which is consequently much more conspicuous. T hat the increase of the stroma is due not only to the decrease in size of the alveoli and the consequent relaxation of the collagenous and muscular fibres can be seen in the fact that there is a large increase m the cellular elements of the connective tissue. Although the epithelium of the alveoli is in an inactive state, the lumina are filled with secretion.
In the remaining months of the non-breeding season the glands are very small and are in the least active state (figure 9, plate 2). The stroma is greatly increased, the largest increase being found in the cellular elements of the connective tissue. Embedded in the stroma are the tubular alveoli which are very small and are lined with a single layer of epithelium consisting of closely packed low columnar cells. The cells are so small that their nuclei, which are spherical or ovoid, fill the greater part of them. Consequently the nuclei appear to be crowded together. The cytoplasm of the cells is free of secretory granules. The lumina of the alveoli are distinct but greatly reduced in size. Secretion in small amounts is always present, and the lumina often contain varying amounts of degenerating cells. Small amounts of secretion are seen in the excretory ducts. The inactive state described here persists to the end of June, when a steady increase in the size of the lumina and height of the epithelium of the glands is observed.
(c) Posterior dorsal glands
Seasonal changes in these glands were observed, but the changes are not as marked as those found in the ventral glands and the quiescent period appears to commence some time after that of the ventral glands.
During the breeding season these glands are large and the tubules greatly expanded with conspicuous lumina. The latter are lined by tall columnar cells whose spherical nuclei lie in the basal third of the cell. The cells are filled with a large quantity of minute granules. The intertubular stroma is very scanty. Throughout the breeding season the glands remain large and highly active ( figure 10, plate 2) .
In February the glands as a whole have decreased and the tubules and lumina have shrunk considerably. The intertubular tissue has increased in amount, especially in their cellular elements. The cells of the epithelium of the tubules have decreased in height from approximately 27 to 16/*, and their spherical nuclei fill the basal halves of the cells. The cytoplasm of the cells is still packed with minute secretory granules, and the lumina are filled with quite large amounts of secretion.
For the remaining months of the non-breeding period the glands do not secrete actively (figure 11, plate 2). The tubules are further decreased and are separated by narrow bands of very loose connective tissue. There is a further decrease in the height of the cells of the epithelium which now measure approximately 6/*. The cells appear to be low columnar with small spherical nuclei filling the basal two-thirds of the cells. Fine granules can be seen in the cytoplasm of the cells, but they no longer fill the cell to capacity. The secretion is greatly reduced in amount; all the lumina, however, contain small quantities. The excretory ducts have been observed to contain small amounts of secretion. From these observations it appears that the posterior dorsal glands are not completely inactive during the non-breeding season.
{d) Middle dorsal glands
In these glands the alveoli are large and have conspicuous lumina during the breeding season ( figure 12, plate 2) . Large amounts of stroma separate the numerous alveoli, which are lined by medium or low columnar cells whose spherical nuclei lie in the basal part of the cell. Large quantities of secretion fill the lumina.
A t the end of the breeding season regression of the epithelium of the alveoli takes place. T he cells are no longer m edium bu t are very low colum nar w ith spherical nuclei filling the whole cell. A small increase is found in the cellular elements of the intervening strom a. T he lum ina of the alveoli are large and filled w ith large am ounts o f secretion. Individuals killed w ithin the same week, however, show a great am o u n t of individual variation. A n anim al killed in early F ebruary showed no reduction in the size of the alveoli and ap p eared to be secreting actively. This same anim al, however, possessed v en tral glands w hich were in quiescence and practically devoid of any secretion in the lum ina.
In A pril the glands are m uch smaller, the alveoli are very m uch less num erous, an d in consequence the connective and m uscular tissue is very m uch increased (figure 13, p late 2). T he increase is largely due to the increase of the cellular elem ents an d the collagenous fibres of the connective tissue, through w hich ru n the widely scattered alveoli. T h e la tte r are small and the lum ina reduced considerably. In parts they a p p ea r to be m ere slits lying w ithin the strom a. T h e epithelium of the alveoli forms a flattened row of cells, whose irregular-shaped nuclei fill the whole cell. Large am ounts of degenerating epithelial cells are seen in the lum ina o f the alveoli, w hich still contain varying am ounts o f secretion. A lthough the secretory epithelium of the glands becomes inactive d uring the non-breeding season, the lum ina are never com pletely devoid of all secretion.
In general it m ay be said of all the circum -urethral glands th a t they regress d u rin g the non-breeding season; the tubules and alveoli shrink and the secretory epithelium becomes inactive. T he ventral glands show the greatest change in height of the secretory epithelium and in size of the tubules, and the posterior dorsal glands the least.
(e) Uterus masculinus
D uring the breeding season the epithelial lining of this tube is m uch folded, an d tu b u la r crypts are form ed in it, so th a t the irregular wide lum en is surrounded by a bro ad zone o f g landular tissue, m ade up of these tu b u la r crypts w ith th in partitions o f connective tissue betw een them . T he changes taking place in the non-breeding anim al consist chiefly in a decreased folding of the epithelial lining and a regression of the tu b u la r crypts opening into it. This results in a decrease in the d iam eter of the vesicles, an d the lum en becomes simpler. T he epithelial folds are shallow and the crypts are no t only reduced in extent b u t fewer in num bers. This change is accom panied by a decrease in the height of the epithelial cells w hich are now cuboidal instead of tall colum nar. T h e decrease in cell size is confined to the cytoplasm w hich thus appears less a b u n d an t w ith the nuclei m ore crow ded together. T he cuboidal cells are clear and devoid of secretory granules. T h e reduction in the size o f the tu b u lar invaginations results in a relative increase o f the connective tissue strom a w hich is consequently m uch m ore conspicuous in sections.
T hroughout the breeding season the vesicles of the uterus m asculinus are filled w ith large am ounts of secretion. In A pril the secretion is largely reduced, b u t traces of it can be found w ithin the lum ina of the crypts.
(f)
Cowper'sglands
These glands also change in size betw een the non-breeding and the breeding season; during the latter the alveoli enlarge and contain secretion. In the non-breeding season the alveoli are narrow er and the epithelium is only h a lf as high as d u rin g the breeding 119
season. The stroma is greatly increased in the non-breeding season, due chiefly to increase in the cellular elements and collagenous fibres of the connective tissue. Traces of secretion are observed in the lumina of the alveoli during the non-breeding season.
The urethra was examined for sperm content and also for the amounts of secretion present in it for all the months of the year. It was observed that enormous quantities of sperm were present in the urethra during the breeding and non-breeding season. The secretion, however, was present in large quantities only during the breeding season.
D iscussion (1) Testes and accessory ducts
From the literature on the Insectivora it appears that the position of the testes may vary greatly. The position may vary from one extreme, where the testes are retained in the abdominal cavity in the vicinity of the kidneys, to the other, where they are placed in scrotal sacs. In the Chrysochloridae, Centetidae, Petrodromus and the testes are found lying near the kidneys, so that the left testis lies more caudally than the right one. In Elephantulus myurus jamesoni the testes are retained in their approximate embryological position near the kidneys. According to Kaudern (1911) the majority of Insectivora, excluding those mentioned above, possess testes which are located in cremaster sacs, Tupaia being the only known insectivore to possess a scrotal sac.
The structure of the testis and accessory ducts of Elephantulus is essentially the same as that found in the typical mammalian condition. The rete testis, however, is greatly reduced and confined to a small area in the capsule of the testis, where it is supported by the white fibrous connective tissue of the tunica albuginea. A mediastinum testis and the septa radiating from it to the capsule to form numerous compartments are completely lacking. Unlike the single vas efferens found in the marsupials (Chase 1939), Elephantulus has six to eight vasa efferentia which are straight and long; the epithelium consists only of low columnar cells, as is found to be the case in the marsupials, and not of two types of cells characteristic of the typical mammalian condition. No detailed references could be found regarding the histology of the testis and accessory ducts of insectivores, marsupials and monotremes, and thus it is impossible to compare the differences found in Elephantulus from what may be termed the typical mammalian condition, with that of the so-called primitive groups of mammals. Whether these differences are primitive features or not is thus impossible to state.
The observations on the epididymis of E. myurus jamesoni do not differ essentially from those made by Carlsson (1909) and Kaudern (1911) on E. ( ) rozeti. In the latter, as well as in E. myurus jamesoni, the epididymis is well developed and distinctly divided into three regions. According to Kaudern (1911) the cauda epididymidis of E. rozeti is abnormally elongated and forms in the inguinal region the lobus minor, which then in turn passes into the vas deferens. He describes the lobus minor as consisting of two parts, viz. the cauda epididymidis, which has a fairly narrow lumen, ciliated epithelium and a thin wall, and the vas deferens which has a thick wall and wide lumen and enters the urethra. According to him the lobus minor is mainly formed by the cauda epididymidis and not, as was supposed by Carlsson (1909) , formed completely by the vas deferens, which THE MALE GENITAL SYSTEM OF ELEPHANTULUS according to her was coiled and stretched from the testis to the u reth ra. From observations on the histology of the epididym is it appears th a t in myurus jamesoni it is the corpus and not the cauda epididym idis w hich is abnorm ally elongated. T h e lum en of the elongated portion of the epididymis is narrow and lined by tall colum nar cells a t the bases of w hich are found the basal cells; the coat is thin. T h e corpus is histologically very sim ilar to th a t p a rt of the epididym is w hich is called the cap u t in this work, b u t has a slightly lower epithelium , shorter cilia and is m uch less coiled. I t differs, however, very greatly from the cauda. T he latter is homologous to the lobus m inor of K a u d e rn ; it is greatly coiled, has a relatively thick m uscular wall and wide lum en w hich is lined by a pseudo-stratified epithelium consisting of cuboidal cells and small basal cells. V ery short cilia are found. T hus histologically there is a large difference betw een the elongated portion of the epi didymis and the cauda, (2) Accessory glands T he accessory glands of this group of m am m als are of p articu larly g reat interest, in th a t the glands show various grades of developm ent, from the m ost prim itive type as is found in the m arsupials to the highly specialized type found in the higher Prim ates. K a u d e rn (1911) , in a p ap er on the m ale genital system of insectivores an d lem urs, pointed o u t the difficulty of draw ing homologies betw een the prostate masses found in the different families of insectivores. These glands not only differ in th eir position, n u m b e r an d stru ctu re, b u t also in the num ber and position o f the orifices o f the ducts. M any w orkers reg ard the C entetidae to be the most prim itive type o f insectivore. O ne group, the O ryzorictinae, possesses only u reth ral g lan d s; this type of gland is very com m only found in the M arsupialia, and a t one tim e it was th o u g h t th a t these glands w ere the only type found in the latter. A nother group, the C entetinae, however, possesses w ell-developed u re th ra l glands and prostate glands. In Sorex and Talpa u re th ra l glands are present b u t are reduced to small, single glands, and are generally replaced by prostate glands. Elephantulus an d the C hrysochloridae are the only insectivores in w hich the u re th ra l glands are com pletely absent; the glands surrounding the u re th ra are all prostate glands. F rom the literatu re it appears possible th a t the insectivora were derived from m am m als w hich possessed only urethral glands and w hich have in the course of developm ent been com pletely replaced by the prostate glands in Elephantulus and Chrysochloridae. Further more, it appears that these prostatic masses have evolved totally independently in the various groups.
In E. rozeti there are, according to Garlsson (1909) , three pairs of prostate glands, and according to Kaudern two pairs of which one pair is divided into four lobes. In E. myurus jamesoni there are five pairs of glands surrounding the proximal part of the urethra. These glands have been designated as prostate glands, since they open directly into the urethra and are located in the position in which the prostate glands are generally found. Further more, their general structure and histology closely resemble the prostate glands of other mammals. They lie lateral to the wall of the urethra, their capsule is not formed by the muscles of the urethra and they have their own specific ducts leading into the lumen of the urethra and thus do not resemble the urethral glands found in other insectivores. No urethral glands of any description were found in E.
The possibility that one pair of the glands may be vesiculae seminales, has not been completely discarded, since the question could only be answered with satisfaction if their embryological develop ment had been studied to give a final decision whether any of these glands are evaginations of the vasa deferentia which had lost their connexion with the latter, to open independently into the urethra. In the hedgehog multiple ducts from the paired seminal vesicles open directly into the urethra (Allanson 1934) . Seminal vesicles are not found in E. rozeti (Carlsson 1909; Kaudern 1911) , and they appear to be present in only a few insectivores.
Five different types of prostate glands are found in E. myurus jamesoni, each with a distinct type of epithelium, secretion and general structure, and each occupying a definite region of the urethra; they all possess their own specific ducts which differ in number in the various glands. The ventral and posterior pairs of glands are similar in structure, both being of the branched tubular variety and having very little intertubular tissue; both are lined by tall columnar epithelia which, however, differ in their staining capacity. The secretions of both glands are homogeneous but also differ in their staining capacity. E. rozeti does not appear to possess glands corresponding to these. The middle and anterior dorsal glands do not only differ in structure from each other, but differ very greatly from the ventral and posterior glands. They are, in contrast to the latter, of the alveolo-tubular variety and embedded in larger amounts of stroma. The epithelium is generally lower than that of the ventral and posterior glands. The middle dorsal glands differ from the anterior glands in that the stroma is slightly less in amount, the cells of the epithelium are wide, with spherical nuclei, whilst those of the anterior glands are narrower with elongated nuclei. The anterior dorsal glands contain a globular secretion, whilst the middle dorsal glands have a homogeneous secretion which, however, differs in staining capacity from that of the ventral and posterior dorsal glands. The outer and inner anterior dorsal glands, although very similar histologically, possess distinctly different secretions. Both the glands have a globular secretion, but the outer gland has a fractured type of globule, whilst the inner gland contains a homogeneous globule. It would appear from the description that the outer and inner anterior dorsal glands of E. myurus jamesoni are homologous to the anterior and more ventral pair of glands of E. rozeti described by Kaudern (1911) . These glands, according to him, consist of four different lobes all having an epithelium slightly lower than that of the posterior pair of glands and containing a secretion which consists of masses of small globules or droplets. It is possible that Kaudern did not observe the THE MALE GENITAL SYSTEM OF ELEPHANTULUS difference in structure betw een the globules of the outer two and inner two glands, and thus grouped all four lobes together as one single p air of glands. From the fragm entary descrip tion of the posterior gland of
E. r o z e t i
it is difficult to find a hom ology bet of the glands of E. myurusjamesoni. However, from the description of the position, epithelium , the num ber of ducts and homogeneous type of secretion of the glands of rozeti it is possible th a t the m iddle dorsal glands of E. myurus j a m correspond E. rozeti.
In addition to the glands described above, E. myurus jamesoni possesses only C ow per's glands. As in E. rozeti they are well developed. T h e glands are absent in those insectivores which are adapted to a life in w ater and also in E rinaceidae (K au d ern 1911) .
A ccording to the literature glands of the vas deferens ap p ear, as a rule, to be totally lacking in Insectivora, and E. myurus jamesoni is no exception. T hey are, however, present in the Soricidae, E rinaceidae, T u p aiid ae and C hrysochloridae (Carlsson 1909; K a u d ern 1911), w here they ap p ear in the m ajority of cases in the form of one or m ore am pullae. Carlsson (1909) described the single, small blind vesicle lying in the prostatic mass an d opening betw een the vasa deferentia into the lum en of the u re th ra as a uterus m asculinus in E. r o z e t i , and considered it to be homologous to the sim ilarly nam ed organ in Tupaia javanica. K au d ern (1911) found this vesicle to be present in , Elephantulus rozeti and T u p a i a, b u t considered th a t it should be designated as a prostate gland an d n o t as a vagina or uterus masculinus until em bryological evidence is obtained th a t it is derived from the rem nants of the M ullerian ducts. In Elephantulus myurus jamesoni the b lind vesicle lies w ithin the prostatic mass of glands and opens betw een the orifices of the vasa deferentia into the lum en of the u rethra. This position corresponds to th a t occupied by the uterus masculinus of the mouse and other m am m als. F u rtherm ore, the structure of the uterus masculinus in E l e p h a n t u l u s, w ith its folded m ucosa and g lan d u lar crypts an d thick m uscular coat, is very sim ilar to th a t of other m am m als. T h e vesicle consists of a single canal w ith two lateral horns whose appearance indicates its developm ent from the semi-fusion of two ducts. T he argum ent p u t forw ard by K a u d ern (1911), th a t it is highly im p ro b ab le th a t the blind vesicle, w hich is a functional sex gland and not m erely a vestigial organ, has arisen from the rem nants of the M ullerian ducts, w hich according to him m ust have u n d e r gone a trem endous m odification from two ru d im en tary ducts to a single functional gland, does not seem to hold. I t has been proved by m any workers th a t the uterus m asculinus is derived from the rem nants of the M ullerian ducts and has been modified to form a func tional gland in m any other m am m als. It thus appears th a t the uterus m asculinus of E. myurus jamesoni is homologous to a sim ilar organ found in E. rozeti, Talpa, Erinaceus and probably corresponds to one or both blind vesicles found to be present in Tupaia.
T here has been great controversy w hether the M acroscelididae are m ore nearly related to the T upaiidae, E rinaceidae, Soricidae or T alpidae. K a u d ern (1911) com pared the sex organs of Elephantulus w ith those of the four m entioned families of insectivores, an d cam e to the conclusion th a t as far as the glands were concerned they w ere n earer to the Soricidae and T alpidae th an to the T u p aiid ae or E rinaceidae. C om paring the accessory glands o f E. myurus jamesoni w ith those of the form er two families it becomes even m ore difficult to analyze the relationship of the form er to the latter. T h e prostatic mass of E. myurus jamesoni appears to be more highly specialized an d not homologous to th a t of the Soricidae or 123 Talpidae. More work on the histology of the glands of all insectivores is needed before a homology can be drawn with certainty between the glands of the various families.
(3) Seasonal variation
From the literature on the reproductive cycle of various small mammals it appears that in those mammals with a limited sexual season the period of male reproductive activity, as a general rule, roughly corresponds to that of the female. In most cyclic breeding mammals such as the ferret (Allanson 1932 )5 hedgehog (Allanson 1934 )5 common shrew (Brambell 1935) and vole (Rowlands 1936), a male anoestrous period roughly corre sponding to that of the female is found. However, this is not always the case. In the grey squirrel (Allanson 1933 ) the males of the species may be in more or less continuous repro ductive activity, while all the females are in anoestrus for 6 months of the year. In some of the larger animals, such as the camel, the condition is reversed; the female experiences a continuous series of reproductive cycles and is capable of conception throughout the year, while the male experiences only a short season of rut (Zuckerman, 1932) .
In E. myurus j a m e s o n i a limited sexual season is found, which lasts for approximately 6 months of the year; during the remaining time the female reproductive organs and accessory glands are in a state of quiescent anoestrus (van der Horst & Gillman 1941; van der Horst 1946) . The males, however, exhibit obvious peculiarities of reproductive behaviour. The observations recorded for the male show that the testis is actively pro ducing spermatozoa throughout the year, while the accessory sexual organs are in a state of incomplete anoestrus for approximately 5 months of the year. It has been generally accepted that the extent of the breeding season in the male may be judged by the occur rence of mature spermatozoa in the testes. Using this criterion, it is apparent that the breeding season extends throughout the year, but if, in addition, the state of the accessory glands is considered, this does not hold completely. As has been mentioned the testis is spermatogenically active throughout the year, and large quantities of sperm are found in the caput, corpus and cauda epididymidis, vas deferens and urethra at all times. Cor related with the observations that the testis is spermatogenically active throughout the year is the fact that the seminiferous tubules apparently do not decrease in size as is the case in the ferret, where a cessation of spermatogenesis takes place during the anoestrous period (Allanson 1932) . No seminiferous tubules were found in which the lumen has been obliterated and there is no actual decrease in the size of the testis. It follows that if the testis is highly active the genital ducts would likewise be in a state of activity throughout the year. From observations it is apparent that there is no decrease in size of the tube of the caput or corpus epididymidis, and that the epithelium is in a state of active secretion throughout the year. The cauda epididymidis and vas deferens, although showing very little seasonal variation in the size of their tubules, do undergo a secretory cycle. The epithelium height decreases to approximately half that of the breeding season, and the cilia, although present, are greatly reduced in length. It must be remarked, however, that the production of secretion does not appear to cease completely, since secretion has been observed in the lumen of the vas deferens in April.
In the ferret (Allanson 1932) , hedgehog (Allanson 1934) , stoat (Deanesly 1935), common shrew (Brambell 1935) and vole (Rowlands 1936 ) the quiescent period of the accessory THE MALE GENITAL SYSTEM OF ELEPHANTULUS glands is approxim ately of the same d u ratio n as in the testis. In the m ale Elephantulus the sperm atogenic activity of the testis is not correlated w ith the state of the accessory glands. T he accessory glands, which are quite small during the non-breeding period, begin their activity in the latter p a rt of w inter and attain their greatest size in August. W hen the m axim um size is reached, the epithelium of the glands is highly active, and the lu m in a of the glands are filled w ith secretion. I t appears, therefore, th a t the factors w hich regulate the activities of the seminiferous tubules are separate from those influencing the accessory glands.
From observations on the accessory glands it appears th a t the ventral gland undergoes regression before any of the other prostate glands. T he v en tral glands are as a general rule not in com plete quiescence in the early p a rt of the non-breeding season b u t are, how ever, in a state of com plete quiescence in A pril. T h e anterior dorsal glands also regress tow ards the end of the breeding season, b u t the changes are m ore g rad u al an d secretion in small am ounts is found in the lum ina in A pril. In the posterior an d m iddle dorsal glands the quiescent period commences som etim e after th a t of the v en tral gland an d is never as com plete, since secretion is always present in A pril although in greatly reduced am ounts. From these observations it appears th a t in the m ale the prostate glands all regress d u rin g the non-breeding season b u t at different rates and to a different extent.
A ccording to van der H orst (1954) m any of the females a t the end of the breeding season, previous to going into anoestrus, have repeated ovulations before fertilization m ay take place. H e accounts for this fact by assuming th a t there are less active males a t this period. Since only the ventral glands are at this tim e in an incom plete quiescent state it is possible th a t these glands secrete a substance w hich affects the m otility of the sperm . T h ere is sufficient secretion from the other glands to form a m edium in w hich the sperms, w hich are continuously present in the lum en of the u re th ra , can travel.
T he other accessory glands, viz. C ow per's glands an d the uterus m asculinus, also u n d e r go a secretory cycle and are practically in com plete anoestrus in A pril.
T he reproductive cycle of the m ale E. myurus j a m therefore, is described, in which the testis is sperm atogenically highly active th ro u g h o u t the year and the accessory glands are in anoestrus for approxim ately 5 m onths of the year. It is possible th a t the grey squirrel described by A llanson (1933) will show a sim ilar condition. T h e au th o r did not investigate seasonal changes of the accessory glands after establishing th a t the testis is sperm atogenically active th ro u g h o u t the year. Several attempts have been made to correlate cyclic variation of the interstitial tissue with differentiation of the accessory glands (Rasmussen 1917, in the woodchuck; Allanson 1932, in the ferret and 1934, in the hedgehog; Miller, 1939, in bats) . From observations it seems to be apparent that there is a close correlation between the size of the interstitial cells which may be taken as a measure of their secretory activity, and the accessory glands in E. myurus jamesoni. In animals such as the grey squirrel, where the reproductive system is active throughout the year in the male, there is no cyclic variation of the interstitial tissue (Allanson 1933) .
The interstitial cells appear to have little, if any, effect on the epithelium of the caput epididymidis but probably affect the secretory activity of the cauda epididymidis and vas deferens.
In summary, it appears as if the seminiferous tubules and interstitial cells are under the control of two different hormones and that the interstitial cells undergo a cycle of secretory activity. The secretion produced by these cells apparently has a direct influence on the accessory ducts of the testis as well as controlling the secretory activity of the accessory glands. The secretion produced by the interstitial cells appears to affect the various accessory sexual glands to a varying extent.
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